Pain is a signi®cant problem following spinal cord injury (SCI) and has a major in¯uence on quality of life and the ability to engage in rehabilitation. Surgery is often indicated in the management of spinal cord injury to stabilise the spine and prevent further neurological de®cit. However, the relationship between surgical intervention and the presence of pain following SCI is unclear. We performed a prospective, longitudinal study of 100 individuals with traumatic SCI to determine the prevalence of dierent types of SCI pain at 2, 4, 8, 13, 26 and 52 weeks following SCI and to determine whether there was a relationship between surgical intervention and the presence or absence of speci®c types of SCI pain. We found that surgical intervention was associated with a signi®cantly higher prevalence of musculoskeletal pain at 2 weeks but not at 4, 8, 13, 26 and 52 weeks following injury, when compared with those who did not have surgery. There were no signi®cant dierences in the prevalence of visceral, neuropathic at level or neuropathic below level pain in the surgical and non-surgical groups at any stage. The results from this study suggest that apart from an increased prevalence of musculoskeletal pain at 2 weeks following SCI in those who undergo surgery, there is no signi®cant relationship between surgical intervention and the presence of SCI pain.
Introduction
One of the greatest challenges in the care of those who have had a spinal cord injury (SCI) is the management of pain. Pain is a frequent and debilitating problem in individuals with a SCI, 1 and has a reported prevalence of up to 70%, with severe symptoms experienced in almost one third of them with pain. 2 As an indication of the signi®cance of this problem in such patients, one study reported that 37% of higher level SCI persons with pain and 23% of lower level SCI would, if they had the chance, trade pain relief for loss of bladder, bowel or sexual function. 3 Signi®cantly greater degrees of psychosocial impairment and depression have also been shown to accompany chronic pain in SCI patients. 4 Therefore, pain can present a major obstacle in the rehabilitation of those who have sustained a SCI.
A number of classi®cation systems of SCI pain have been proposed. 2,5 ± 7 However, SCI pain can generally be grouped into four main categories: (1) Musculoskeletal pain arising from damage to structures such as bones, ligaments, muscles, intervertebral discs and facet joints; (2) Visceral pain that is perceived to originate from deep structures; (3) Neuropathic pain at the level of injury secondary to damage to nerve roots (radicular pain) or to the spinal cord itself; and, (4) Neuropathic pain that occurs diusely below the level of injury and is thought to be due to central nervous system changes that follow the injury. In addition to these categories, pain may present in association with compressive mononeuropathies, 8 complex regional pain syndrome type I (re¯ex sympathetic dystrophy) 9 and syringomyelia. 10 The factors responsible for the development of pain following SCI are not clear. Reports dier as to whether people with complete spinal cord lesions are more or less likely to experience pain. It has been proposed from clinical observation and autopsy studies that neuropathic pain is more common in those with an incomplete lesion. 11 ± 13 However, some studies have found no signi®cant dierence in the prevalence or severity of pain in those with a complete lesion, as opposed to those with an incomplete lesion. The authors of these studies have concluded that psychosocial factors rather than physiological factors are more closely associated with the experience of pain. 14, 15 It is also not clear whether the level of cord lesion is a signi®cant factor in the development of SCI pain. It has been reported that cervical, 1 thoracolumbar 16 and conus medullaris and cauda equina 10, 17, 18 injuries are most likely to be associated with the presence of pain. However, other studies have found that there was no signi®cant relationship between the presence or severity of pain and the level of injury. 14.15 Surgery has also been considered as having a role in the development of pain following SCI. Surgical versus non-surgical management of SCI patients has been a controversial issue for some time. 19 Surgical intervention oers the possibility of neurological decompresCorrespondence: Dr Philip Siddall, MB, BS, Ph.D.
Spinal Cord (1997) 35, 526 ± 530 sion, correction of deformity, stabilisation of a damaged spine and earlier rehabilitation. 20 ± 22 On the other hand, non-surgical management of SCI with neurological preservation on a background of a stable fracture, or in those with complete neurological lesions, remains standard therapy in many centres.
While numerous studies have investigated the incidence and prevalence of SCI pain, 3,15 ± 18,23,24 very little is known about the relationship between surgical intervention and the prevalence of pain after a SCI. Burke 18 suggests that surgery, particularly surgery involving the posterior elements of the spinal cord, is an important factor in the development of pain due to scarring of ligaments and muscles following surgery. Another study investigated the relationship between a number of variables and the presence of dysaesthetic (neuropathic below level) pain. 11 In this study, it was found that those who have dysaesthetic pain were less likely to have had surgical stabilisation, when compared with a control group of patients admitted with an acute SCI. However, two studies found that there was no dierence in the severity of pain between those treated with instrumentation or spinal fusion, and those who did not have surgery. 14, 15 Both of these studies found that psychosocial rather than physical factors were more closely associated with the presence and severity of pain.
In summary, it has been suggested that surgery is more likely, 18 less likely 11 or not likely, 14, 15 to be associated with pain following SCI. Clearly, there is no consensus regarding the relationship between pain and surgery following SCI. The aim of this study, therefore, was to investigate prospectively the prevalence of various types of SCI pain at intervals up to 12 months following injury and to determine whether there was a relationship between surgical intervention and the presence or absence of dierent types of SCI pain.
Methods

Subjects
Over a 3 year period (October, 1992 ± 1995) a prospective, longitudinal study of patients admitted to the Spinal Injuries Unit at Royal North Shore Hospital with acute SCI was performed. All who were admitted to the Spinal Injuries Unit within 3 months of an acute traumatic SCI were considered for inclusion in the study. Exclusion criteria were as follows: patients under 18 years of age, those with previous psychiatric disorder, those with a brain injury sustained during the accident that resulted in a neuropsychological de®cit, and those who had a signi®cant diculty with communication (eg, deafness or confusion). Patients who required ventilation during the study period, or who were discharged with no motor or sensory de®cit, were also excluded.
One hundred patients were enrolled in the study; they were interviewed as soon as possible after injury at the following time intervals: 2 weeks, 4 weeks, 8 weeks, 3 months, 6 months and 12 months following injury. Some patients were not available for interview at some of these intervals and therefore the number of patients at each point varies (2 weeks, n=67; 4 weeks, n=93; 8 weeks, n=90; 13 weeks, n=82, 26 weeks, n=64; 52 weeks, n=45). Patients were divided into two groups: (1) Those who underwent spinal surgery following SCI; and (2) Those who were managed without surgical intervention. The characteristics of these two groups with relation to level and completeness of spinal cord lesion are listed in Table 1 . There was no signi®cant dierence (Yates corrected Chi square, P40.05) between the two groups except that a signi®cantly greater number of patients who underwent surgery had lumbar level lesions (Yates corrected Chi square, P=0.001).
Types of SCI pain Pain type was divided into four categories according to its location, description and apparent origin. Musculoskeletal pain was de®ned as pain in the area of sensory preservation that felt dull, aching, and that was worse with movement or exercise. Abdominal pain that was dull, poorly localised or cramping and that appeared to be related to abdominal pathology was de®ned as visceral pain. Pain that was described as sharp, shooting, stabbing or burning in the dermatomes at or just above the level of injury was de®ned as neuropathic at level pain and includes the pain classi®ed by others as radicular, endzone or girdle pain. Sharp, shooting, stabbing or burning pain located diusely below the level of injury was de®ned as neuropathic below level pain.
Data analysis
Chi-square methods and Fisher's exact test were used to compare groups. A P value of 0.05 was chosen to indicate signi®cance.
Results
Subjects
During the study period, 197 patients with acute spinal cord injury were admitted to the Spinal Unit at Royal North Shore Hospital. Of the 97 patients excluded from the study, 24 were discharged with no residual neurological impairment. There were three who refused to take part in the study and 70 were excluded on the basis of the criteria outlined above.
Of the 100 patients enrolled in the study, 31 did not undergo surgery. Of the 69 who underwent surgery, instrumentation with metal rods or plates was performed on 75% (52 patients); 20% (14) were managed with decompression and fusion using bone graft; and 5% (three patients) underwent posterior decompression and laminectomy alone.
Severity of pain
The number of patients who reported severe or excruciating pain varied according to the type of pain and the time following injury (Figure 1 ). Of those with musculoskeletal pain, 26% had severe or excruciating pain at 2 weeks following injury but this ®gure had decreased to 8% at 12 months. None of those with visceral pain rated their pain as severe or excruciating. Of the patients with neuropathic at level pain, 28% had severe or excruciating pain at 2 weeks. The percentage of those with neuropathic at level pain decreased to 18% at 8 weeks but increased to 28% at 12 months. Of the patients with neuropathic below level pain, 20% reported severe or excruciating pain at 2 weeks and this had increased to 50% at 12 months.
Relationship between pain and surgery 1. Musculoskeletal pain Of the four types of SCI pain described above, musculoskeletal pain was the most commonly reported type of pain in the study group as a whole. At 2 weeks, 69% of the patients complained of musculoskeletal pain, with the prevalence falling to 45% of those available for interview at 3 months and increasing to 53% at 12 months. The prevalence of musculoskeletal pain in the group that did not undergo surgery was signi®cantly lower at 2 weeks (47%) when compared with the rest of the study group at the same time (69%) (w 2 =4.94, P=0.026, df=1, Fisher's exact test, P=0.036) (Figure 2 ). After the 2 week period, there was no signi®cant dierence in the prevalence of musculoskeletal pain in either of the two treatment groups. 2. Visceral pain Pain which appeared to be originating from deep visceral structures was the least commonly reported type of pain. In all, only ®ve patients (5%) complained of visceral pain, with no signi®cant dierence in the prevalence found between the two treatment groups at any time in the ®rst 12 months following SCI. 3. Neuropathic at level pain The prevalence of neuropathic at level pain peaked at 2 weeks, when 43% of available patients reported this type of pain. Up to the 12 month period, there was no signi®cant dierence in the prevalence of neuropathic at level pain between the two groups ( Figure 3 ). 4. Neuropathic below level pain The highest prevalence of neuropathic below level pain occurred at 6 months 
Discussion
While the incidence and prevalence of pain following SCI have been extensively investigated, 3,15 ± 18,23,24 little is known about the relationship between surgical intervention and the presence of pain following SCI. This is the ®rst prospective study that identi®es speci®c types of pain that occur following SCI and that examines the relationship between surgical intervention and the development of each type of pain.
Although it is recognised that individuals with SCI have pain following their injury, the pain is sometimes regarded as being of little importance when compared with loss of function. Alternatively, the pain is regarded as not being severe enough to warrant serious attention. However, our results indicate that quite a large proportion of patients with SCI have pain that they described as severe or excruciating. Musculoskeletal pain occurs in 69% of patients at 2 weeks following injury and at the same time 26% of them describe their pain as severe or excruciating. Therefore, in our study, 18% of all patients admitted with a spinal cord injury were experiencing severe or excruciating musculoskeletal pain 2 weeks following their injury. Although the percentage of patients with severe or excruciating musculoskeletal pain does decrease, 8% still have this degree of pain at 12 months. While this ®gure is quite high, it also does not take into account those who did not have musculoskeletal pain but had neuropathic pain, which can also be severe. Furthermore, the percentage of those with severe or excruciating neuropathic pain remains stable or in the case of below level pain, actually increases. Therefore, the results from the present study suggest that a substantial number of individuals following SCI have severe pain during the ®rst 12 months following their injury.
Our ®ndings indicate that musculoskeletal SCI pain is more common at 2 weeks following injury in those who undergo surgical intervention compared with those who do not undergo surgical intervention. This increased prevalence may be due either to the surgery itself or to other factors in the surgical group. One of the diculties in determining the eects of surgical intervention on the presence of SCI pain is the possible dierence in the clinical condition between those in whom surgery is considered appropriate and in those managed without surgery. In our unit, surgery is generally avoided in patients with complete spinal cord transection, or in those with neurological preservation in whom no instability can be demonstrated. It has been suggested previously that pain is more common in patients with incomplete lesions.
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Therefore completeness is one factor that needs to be considered as an explanation for the dierence in pain prevalence. However, there was no signi®cant difference in the number of patients with complete and incomplete injuries between the surgical and nonsurgical groups in the present study. Therefore, it seems unlikely that completeness or incompleteness is responsible for the dierence in pain prevalence.
It has also been suggested that the level of spinal cord lesion may be a factor which in¯uences the development of pain. 1,10,16 ± 18 In our study, a signi®cantly greater proportion of those undergoing surgery had spinal cord lesions at the lumbar level. It has been reported that neuropathic pain following SCI is more common in those with lumbar or sacral injuries. 10, 17, 18 However, there is no evidence that musculoskeletal pain is more common in patients with lesions at this level. Therefore it is unlikely that the high proportion of those with lumbar lesions in the surgical group is responsible for the higher prevalence of musculoskeletal pain.
It may also be that other factors such as extent of damage to spinal structures may in¯uence the development of pain. Burke 18 suggested that the presence of pain following surgery in patients with SCI is related to damage to posterior spinal structures. The increased prevalence of pain in the surgical group at 2 weeks in our study would appear to con®rm this suggestion. However, it must also be considered that the increase in prevalence is not a direct result of the surgery but a result of the presence of more severe damage prior to surgery in the group that was surgically managed. Whatever the reason for the dierence in prevalence of pain at 2 weeks, it is apparent that this eect has a short duration and following the assessment at 2 weeks, there is no signi®cant dierence between the two groups.
Except for the higher prevalence of musculoskeletal pain at 2 weeks, our ®ndings are consistent with the studies by Summers et al.
14 and Richards et al. 15 Both of these studies failed to ®nd any relationship between Figure 4 Percentage of people reporting the presence of neuropathic below level pain in each group at each interval up to 12 months following SCI Surgery and pain following SCI P Sved et al the presence of pain and surgical intervention. However, in contrast with the present study, neither of these studies assessed patients within the ®rst year following their injury and neither study distinguished dierent types of SCI pain. Summers et al.
14 initially hypothesised that surgical intervention in the early post-injury period would have a bene®cial eect on the severity of pain following SCI, due to stabilisation of the damaged vertebral column. Our ®ndings, in con®rmation of the study by Summers et al. suggest that surgical intervention does not result in a reduced incidence of pain as a result of spinal stabilisation.
One other study which examined the relationship between surgery and pain following SCI only examined dysaesthetic SCI pain (corresponding to neuropathic below level pain in the present study). This study found that patients with this type of pain were more likely to have incomplete injuries and less likely to have had surgery. 11 However, although the time following injury is not recorded, the mean duration of pain (46.8 months) in the study by Davido and colleagues suggests that many patients were seen more than 12 months following their injury and makes comparison with our study dicult. We found no relationship between neuropathic below level pain and type of surgery in the ®rst 12 months following SCI. It is known that neuropathic below level SCI pain has a delayed onset and may occur months or years following the initial injury. 12, 16, 17, 23, 25 Therefore it is possible that the relationship between surgery and dysaesthetic or neuropathic below level pain is evident at a later stage.
In summary, the present study suggests that those patients who undergo surgery following SCI are more likely to experience musculoskeletal pain at 2 weeks following injury. However, from 4 weeks until 12 months following injury, the group that has been surgically managed does not appear to experience pain more frequently than patients who do not undergo surgery. Conversely, it does not appear that surgery has a bene®cial eect in reducing the prevalence of pain following SCI. There appears to be no relationship between surgical intervention and the presence of visceral, neuropathic at level and neuropathic below level SCI pain in the ®rst 12 months following injury.
